Abstract. The primary objective of this research is to study the durability of roller compacted concrete (RCC) samples that were constructed in the laboratory using roller compactor. A total of 60 slab sample of (38×38×10) cm have been constructed using the roller device, cured for 28 days, then 180 sawed beams were obtained from RCC slab. The specimens were subjected to 60 cycles of each of the durability testing parameters including freezing and thawing, soundness against sulfate attack cycles and wetting and drying. The effect of implementation of two types of cement (OPC and SRPC) on the durability of RCC was investigated using the nondestructive test technique (NDT). The results indicated that RCC that contain SRPC has superior quality when compared to RCC that contain OPC after durability testing. Based on the testing results, it was concluded that the resistance of RCC specimens to freezing and thawing, wetting and drying and sulfate attack test increase as cement content increase.
INTRODUCTION
The term "roller compaction" is defined by (ACI, 1995) as a process for compacting concrete using a vibrating roller. Due to its dry nature, RCC has a zero slump and it is placed without forms or finishing. RCC pavements do not require joints, dowels, or reinforcing steel (Chun et al., 2008) . Relatively large quantities of RCC pavement can be placed rapidly with minimal labor and equipment, enabling speedy completion of tightly scheduled pavements (USACE, 2000) . Its principal advantage for mass construction is the low cement content of the mixture which greatly reduces cracking problems due to the heat of hydration of cement. RCC is not just more economical than the currently used pavement alternatives, but has also shown high durability and early gain of mechanical strength in both the field and the laboratory, (Kreuer, 2006) .
RCC has been used in Iraq in mid-eighties below the foundations of the medical drug factory near Mosul and also in the AL-Adaim Dam, (Ahmed, 2001) . Another reported use was in the construction of extra lane for Mosul-Duhok highway in 1988, (Sarsam, 2002) . RCC pavements, like all other types of concrete elements, can be subjected to many types of deterioration such as abrasion/erosion, freezing and thawing, wetting and drying, and other factors such as alkali-silica reaction, and sulfate attack (Balaguru and Ramakrishnan, 1986) . (Sarsam et al., 2011) evaluated RCCP properties using nondestructive test, they concluded that higher pulse velocity was recorded for RCCP beams with crashed aggregate as compared to those of rounded aggregate concrete. When (S.R.P.C) is implement, high pulse velocity was obtained for all range of cement content as compared to those with (O.P.C.); When river sand is implemented, high pulse velocity could be obtained for all of the cement percentage used when compared to silica sand condition. (Schrader, 1982) reports that, when RCC is used, it is safely supported construction equipment operating at its edge while concrete is at early age and the average cost of RCC is less than 70% of that of conventional mass concrete. The dam is functionally completed in one year while the alternative design called for three years schedule. Initial cost saving of 15 to 40 percent can be expected if RCC is used as a pavement alternative for projects requiring heavy wheel loading compared to conventional paving concrete (Naik and Ramme, 1997).
METHODOLOGY
The testing program was aimed to evaluate the possibility of implementing nondestructive testing in the evaluation of roller compacted concrete durability.
The testing program consist of construction of RCC slab (38x38x10) cm using two types of Portland cement,(i.e. ordinary Portland cement and sulfate resistance cement) and three cement percentages. Slab samples will be cured for 28 days, and then sawed beams will be obtained from the slab samples.
Beam specimens will be subjected to cycles of freezing and thawing, wetting and drying, and soundness against sulfate attack. Beams behavior will be evaluated using pulse velocity determination at each stage of the durability cycles. The effect of cement content and type will be evaluated for each durability test and compared.
MATERIAL CHARACTERISTICS

Cement
Ordinary Portland cement (OPC), and sulfate resistance cement (SRPC) manufactured in Iraq with a commercial name of (Tasluga, Al-jesser) was implemented in the construction of RCC mixes throughout the present work.
Aggregate
Crushed gravel with a nominal size of 19 mm brought from Nibaai region was used in this work. The aggregates were air dried and separated into different sizes. Fine aggregate (passing sieve No.4 BS.) was obtained from Al-Ukhaider region and used in this work.
Water
The water used in RCC mixes was tap water of Baghdad area. This water was also used for curing.
Gradation of Coarse and Fine Aggregate
Dense gradation usually used for asphalt concrete pavement in Iraq has been implemented for this investigation. The coarse and fine aggregates are sieved to different sizes; the desired weight of each size of aggregate is combined to satisfy the requirements of gradation. The design over all gradation of aggregate is selected using of State Commission of Roads and Bridges (SCRB, 2007) limitations. The combined gradation is illustrated in Table 1 . 
Mix Design and Proportions of RCC Slab Samples
The concrete mix is designed according to maximum dry density -optimum moisture content requirement as detailed in a previous work, (Abdul Raheem, 2011) . Three different percentages of cement content have been selected (10 %, 12 %, and 16 %) by weight of air dried aggregate, with three different percentages of moisture content [7%; 6%, and 8%] respectively. The selected combinations of cement and moisture are those with the highest maximum dry density for each cement percentage group.
Casting of RCC Slab Samples
The steel Molds manufactured at local workshop are used in this investigation; molds are capable for obtaining Slab specimen having size of (380×380×100mm). The Roller Device consists of a steel roller of 160mm diameter, 330 mm in length and 15 kg in weight. It was attached to box container so that it is capable to add various standard weights up to 138kg for applying loads on the roller to simulate the field rolling conditions.
Mixing
Before mixing, the molds are prepared by cleaning, and their internal surfaces were covered using polythene sheets to prevent loss of water or material from sides during the rolling and to prevent adhesion with concrete after hardening, after that the cement and aggregate were mixed in their dry state. The required amount of water was added and mixed for three minutes with the aid of mechanical mixer to achieve homogeneous concrete.
Compaction
The mixture is placed in the mold and subjected to initial compaction of three cycles of 8 seconds vibration at 50 Hz frequency on a vibrating table with 30 seconds time interval. Fig.1 illustrates such process. The mold is then was fixed in front of the roller compactor device and subjected to three stages of rolling based on the work done by (Sarsam, 2002) , and (Abdul Raheem, 2011) . For each stage,10 passes is applied .This number of passes is suitable to achieve the good rolling with low labor , and the rolling action is taken in x-x direction , then the same sequence have been repeated in the y-y direction as shown in the Fig.2 . This is to insure the compaction of the slab sides. The first rolling stage may represent the initial compaction in the field; a total load of 1.1 kg/cm width is applied with 10 passes of the roller in each direction. The concrete is settled in a level position and completely fill the slab mold and gives a level surface.
The second rolling stage may simulate the intermediate field compaction; a total load of 3.2 kg/cm width was applied with 10 passes of the roller in each direction. The final rolling stage represents the finishing compaction in the field; a total load of 5.3kg/cm width was applied with 10 passes of the roller in each direction. A total of 60 slab sample have been constructed for this investigation. Fig. 3 shows the rolling in process.
Curing
After finishing the compaction, the surface of casted samples is leveled by hand trawling and covered with polyethylene sheet to prevent evaporation of moisture from the fresh concrete. Samples were left at room temperature of 30±2˚C to next day for setting, then, the slab samples are taken out of the molds and immersed in the water bath for 28 days curing at 30±2˚C. Part of RCC slab specimens after 28 day curing is shown in Fig. 4 . 
Obtaining Beams from RCC Slab Samples
After curing of slab samples, a total of 180 sawed beams of (380×80×100) mm size were obtained from RCC slabs using the procedure given by (ASTM, 2003) . Fig.5 shows part of the sawed beams obtained. 
DURABILITY INVESTIGATIONS
Freezing and thawing cycles Test
The freezing and thawing test is carried out according to (ASTM, 1997) procedure B, (rapid freezing in air and thawing in water) and; (Petersen et al., 2007) . Freezing and thawing tests was started by placing triplicate beam specimens from each mix in the thawing water at a temperature of 30 ± 3 ° C for 2 ½ hours. The specimens are taken out of water and are placed in deep freezer at temperature (-11 ± 1° C) for 4 ± ½ hours as the beginning of the freezing phase of the cycle. This procedure was repeated for 60 cycles of freezing and thawing. Figure 6 demonstrates the beams under thawing process.
Wetting and Drying Cycles
The RCC specimens are subjected to cycles of wetting and drying in the light of the procedures adopted by many research works, (Ahmed, 2001; AL-Delaimee, 1989; Mahmoud, 1977; Riyadh, 2005) . The cycles are started by placing triplicate beam specimens from each mix in the oven at a temperature of 70 ° C for 24 hours; Then, it is removed from oven and immersed in water bath for 24 hours at 28 ° C .The alternate immersion and drying of specimens are repeated for 60 cycles. Fig. 7 shows beams under drying process. 
Soundness (Sulfate Attack) cycles Test
Resistance of RCC specimens to disintegration by saturated solution of sodium sulfate is determined according to (ASTM, 1999; Sarsam et al., 2013) procedure for aggregate soundness except that triplicate RCC pavement beams from each mix specimens are used. Beams are air dried after each immersion cycle. This procedure was repeated for 60 cycles. Fig.8 shows soundness in process.
ULTRASONIC PULSE VELOCITY MEASUREMENTS
The pulse velocity is determined for sawed beams of sizes (380×100×80) mm, with position perpendicular to the direction of the rolling. The pulse velocity tester type (pundit) with frequency 54 KHz and accuracy of 0.1 is used to measure the pulse velocity of RCC samples as shown in Fig.9 . Calibration of the pundit is done before testing to check the accuracy of the transit time measurements. This is achieved by the calibration with the reference bar. A thin layer of grease is applied on the surface of the tested points to act as a couplet and to prevent dissipation of transmitted energy. The pulse transit path length is measured accurately and the time of its travelling was recorded. Similar procedure was implemented by Sarsam et al., 2011) . The pulse velocity is evaluated by dividing the path length by the transmit time. Fig.9 shows the Pundit measurement in process.
DISCUSSIONS
A comparison between two sample groups is discussed to determine the effect of cement type on the properties of RCC after it was subjected to durability testing. The first group consists of mixes constructed using crushed aggregate, natural sand and 10%, 12% and 16% ordinary Portland cement respectively. The second group consists of mixes constructed using crushed aggregate, natural sand and 10%, 12% and 16% Sulfate resistance Portland cement respectively.
Impact of Type of Cement and Cement Content on RCC Properties during Freezing and Thawing Cycles
It can be noticed that the pulse velocity of RCC made of SRPC is higher than RCC made of OPC before and after being subjected to cycles of freezing and thawing as shown in figure 10 . When 16% cement content is used, RCC made with SRPC shows higher pulse velocity than that of RCC made with OPC by 10.6 % at 60 cycles of freezing and thawing. It can be noticed that the pulse velocity increases as cement content increases before and after it is subjected to freezing and thawing cycles. The range of this increase is (34.5 -29.4%) at 60 cycles of freezing and thawing for RCC made of sulfate resisting Portland cement. This increment may be due to increase in the density and the homogeneity as cement content increases, this provided bond structure, therefore the travel time through concrete decrease. Figure 11 shows percentage decrease in pulse velocity of RCC that was subjected to alternate freezing and thawing cycles, with different cement content for RCC made with OPC and SRPC as compared to reference mix. It can clearly be seen that there is reduction in pulse velocity after subjecting the specimens to cyclic freezing and thawing. Such reduction increases with the increase of cycles as compared with that of reference mix. The percentage of reduction in ultrasonic pulse velocity at 30 and 60 cycle with 16% ordinary Portland cement is 3.1% and 6.7% respectively as compared to that of reference mix. On the other hand, the percent decrease in ultrasonic pulse velocity at 30 and 60 cycles with 16% sulfate resisting Portland cement is 2.3% and 5.1% respectively when referring to that at zero cycle.
This could be attributed to that the internal damage due to the freezing and thawing cycles lengthens the travel time of an ultrasonic wave through the concrete and variations in the travel time through the concrete are taken as an indicator of the damage of the internal structure. 
Impact of Type of Cement and Cement Content on RCC Properties during Wetting and Drying Cycles
It can be noticed that before and after cycles of wetting and drying, pulse velocity of RCC made with sulfate resisting Portland cement is higher than RCC made with ordinary Portland cement by 12.3% at 16% cement content. This may be attributed to that the drying process reduces the rate of hydration. The rate of hydration of sulfate resisting Portland cement is still higher than ordinary Portland cement due to its fineness, and hydration process improves the internal structure of concrete and leads to increase in pulse velocity. Figure 12 shows the relationship between pulse velocity and number of cycles for RCC made of ordinary and sulfate resisting Portland cement after alternate wetting and drying. It can be seen that pulse velocity of RCC specimens increases with increasing cement content, the range of this increase is (30.1 -29%) and (33.4 -31.3%) for RCC made of sulfate resisting Portland cement after 30 and 60 cycles of wetting and drying respectively. This may be attributed to that increasing cement content leads to increase in resistance of concrete to wetting and drying cycles, therefore the internal damage will be decrease and pulse velocity will be increase. Pulse velocity through the concrete is taken as an indicator of the damage of the internal structure. This agrees with (Petersen et al., 2007) findings. Figure 13 shows the relationship between percentage of decrease in pulse velocity with cement content for RCC made with OPC and SRPC.
Reduction in pulse velocity can be noticed after subjecting specimens to cyclic wetting and drying, this reduction increases with the increase of cycles as compared with that of no cycles. It can also be seen that the percentage of decrease in pulse velocity for OPC mix was 10.1% at 60 cycles, while the percentage of decrease in pulse velocity for SRPC mix was 7.1% at 60 cycles. This may be due to the micro cracks formed as a result of drying process, therefore the travel time increase and pulse velocity decrease. Figure 14 shows the relationship between pulse velocity and number of cycles for RCC made of ordinary and sulfate resisting Portland cement. RCC made with sulfate resisting Portland cement shows higher pulse velocity than that of RCC made of ordinary Portland cement. When 16% ordinary Portland cement is used, the pulse velocity shows decrease by 10.3% than that with sulfate resisting Portland cement .This may be due to the volume of solid material that results from reaction of C 3 A with sulfate ion, sulfate resisting Portland cement has lower content of C 3 A than ordinary Portland cement.
Impact of Type of Cement and Cement Content on RCC Properties during Sulfate Attack Cycles
This could decrease cracking that result from solid volume and leads to decrease in travel time of ultrasonic wave through concrete. It can be noticed that the pulse velocity increases as cement content increases , the rate of this increase after 30 and 60 cycles of immersion in sulfate solution and drying is 39.1 -30.6% respectively for RCC made with sulfate resisting Portland cement . This may be attributed to the fact that when increasing cement content, the hardened paste shows more homogeneity and the internal damage and cracks that result from sulfate attack decrease, so that the travel time of an ultrasonic wave through the concrete decrease, therefore the pulse velocity increase.
As shown in figure 15 , after 30 and 60 cycles of immersion in sodium sulfate solution and drying, the percent decrease in Pulse velocity of RCC made of 12% ordinary Portland cement is 6.2 % and 12.4% respectively when compared to that at zero cycles. On the other hand, for mix with 12% sulfate resisting Portland cement, the percent decrease in pulse velocity is 4.6% and 9.6 % respectively when referred to that at zero cycles. This may be attributed to that the alternate wetting and drying in sulfate solution leads to contraction and expansion in cement past which causes internal stresses and micro cracking. This lengthens the travel time around these cracks. 
COCLUSION
The following conclusions can be drawn based on the experimental program: 1-Sulfate resisting Portland cement mixes exhibit better durability than ordinary Portland cement mixes when subjecting the specimens to freezing and thawing cycles. Pulse velocity was higher by 10.6% for samples containing sulfate-resisting cement, as compared with that of ordinary Portland cement after 60 cycles at 16% cement content 2-Resistance of RCC mixes to sulfate attack cycles was improved when using Sulfate resisting Portland cement as compared with that of ordinary Portland cement, the rate of this increase after 30 cycles of immersion in sulfate solution and drying is 39.1%.
3-Resistance of RCC containing sulfate-resisting cement is better than specimens containing ordinary Portland cement when exposed to cycles of wetting and drying. The increase in the pulse velocity of the samples containing Sulfate resisting cement when exposed to 60 cycles of wetting and drying is 12.3at 16% cement content.
